Purpose Ferrolysis is a soil-forming process, which involves destruction of clay minerals due to cyclic reduction and oxidation in acidic and periodically wet soils. The main objectives of this study were as follows: (1) to determine the influence of redox processes on clay mineral transformation in Retisols (Albeluvisols) in the Carpathian Foothills in Poland and (2) to verify the occurrence of ferrolysis in Retisols showing various degrees of bleaching. Materials and methods Twelve representative soil profiles were selected for analysis. All were formed entirely from loess except for two profiles, in which the lowermost horizons (2C) had developed from weathered flysch rocks residuum. Soil mineral analysis was done using x-ray diffraction (XRD), Fourier-transform infrared (FTIR) spectroscopy, and Mössbauer spectroscopy (MS). Results and discussion The obtained results indicate that the qualitative and quantitative mineral compositions of the clay fraction in the E and Eg horizons obtained from Retisols in the Carpathian Foothills exhibiting marked differences in bleaching (strong, moderate, weak, and lack of bleaching) caused by periodic stagnation of water above a slowly permeable fragipan and cyclic redox processes are the same. The E and Eg horizons are characterized by the presence of 2:1 clay minerals with likely organic interlayer fillings, dioctahedral mica, kaolinite, and chlorite. Conclusions The results indicate that (1) redox processes occurring in the soils do not affect clay mineral transformation in Retisols of the Carpathian Foothills in Poland and (2) ferrolysis is not the main soil-forming process operating in these soils. This is most likely because ironbearing minerals are not abundant in the Retisols and/or undergo eluviation to the lower part of the soil profiles. The lower content of the clay fraction in the E and Eg horizons versus that in the lower soil horizons of the Retisols is related to clay illuviation (lessivage), and not to clay decomposition due to ferrolysis.
Introduction
2002; Phillips 2007); and ferrolysis (Brinkman 1970 (Brinkman , 1977 (Brinkman , 1979 Brinkman et al. 1973) .
Ferrolysis is a soil-forming process, which was first proposed by Brinkman (1970) . It involves destruction of clay minerals due to cyclic reduction and oxidation in acidic and periodically wet soils (Brinkman 1970; Barbiero et al. 2010) . Ferrolysis involves biochemical reduction of Fe 3+ taking place during wet seasons and leading to mobilization of Fe and substitution of exchangeable cations within clay minerals with Fe 2+ . During dry periods, Fe 2+ oxidizes forming ferric hydroxides and protons which attacks structures of clay minerals. Thus, cyclic reduction and oxidation may cause decomposition of clay minerals leading to release of the lattice cations (e.g., Al, Mg, Fe). Except for the dissolution, soil clay minerals may undergo transformation due to the formation of Al-and/or Fehydroxy polymers within the interlayer space (Rich 1968; Brinkman 1970 Brinkman , 1977 Gerstl and Banin 1980) . The transformation of 2:1 clay minerals due to the cyclic reduction and oxidation and formation of the clays with interlayer fillings is responsible for lowering their cation exchange capacity, mineral solubility, and swelling ability (Rich 1968; Brinkman 1979; Nakao et al. 2009; Szymański et al. 2014) . Ferrolysis is a common process in seasonally wet and acidic soils containing a hardly permeable horizon such as a plughpan (Brinkman 1977) and duripan (Hobson and Dahlgren 1998) . Ferrolysis may also occur in soils with a fragipan. Fragipan shows low permeability which may lead to periodic water stagnation causing seasonal anaerobic conditions which favor reduction of iron oxides and their subsequent translocation and oxidation. Thus, it is very likely that ferrolysis may take place in Retisols containing a fragipan, because of the high bulk density and low porosity of the pan (e.g., Witty and Knox 1989; Lindbo et al. 1994; Ciolkosz et al. 1995; Szymański et al. 2011) . The seasonal stagnation of water within Retisols causes the bleaching of soil material indicating reduction and dissolution of iron oxides and their subsequent re-oxidation and immobilization in the form of iron nodules, concretions, soft masses, and pore linings (Cescas et al. 1970; Schwertmann and Fanning 1976; Rhoton et al. 1993; Zhang and Karathanasis 1997; Lindbo et al. 2000; Dixon and White 2002; Szymański et al. 2011 Szymański et al. , 2012 Szymański et al. , 2014 Szymański and Skiba 2013) . Similar changes in the valence of iron may occur within the structures of clay minerals containing iron in the octahedral sheet (e.g., Rich 1968; Brinkman 1977; Rozenson and Heller-Kallai 1978; Gerstl and Banin 1980; Hardy et al. 1999; Kohut and Warren 2002) . However, Van Ranst and De Coninck (2002) as well as Van Ranst et al. (2011) have recently reported that ferrolysis does not take place in Retisols (previously called Albeluvisols) and soils exhibiting a stagnic color pattern from Western Europe and in Planosols from Ethiopia.
Despite the fact that the redox processes are very common in various soils (Retisols, Stagnosols, Planosols, Gleysols, Fluvisols, paddy soils), very few is known about their impact on soil minerals and especially on clay minerals. In addition, very little studies present the results of qualitative and quantitative mineral composition of hydromorphic soils in the context of their genesis. Due to the above-mentioned contrasting results and reports concerning ferrolysis process in soil environment and still lacking of sufficient detailed mineralogical data from hydromorphic soils, we have decided to fill this gap.
The main objectives of this study were the following: (1) to determine the influence of redox processes on clay mineral transformation in Retisols (Albeluvisols) in the Carpathian Foothills in Poland and (2) to verify the occurrence of ferrolysis in Retisols showing various degrees of bleaching by means of qualitative and quantitative mineralogical analyses.
Materials and methods

Study area
The present study was carried out in the Carpathian Foothills in southern Poland (Fig. 1) . The region is formed of a thick mantle of non-calcareous loess, which covers interbedded layers of sandstone, siltstone, and shale of turbiditic origin (i.e., Carpathian flysch). According to Klimaszewski (1967) , the loess was transported on a short distance and accumulated during the last phase of glaciation (Vistulian) in the Pleistocene. The studied area is characterized by hilly relief with wide and flat hills showing elevation between 300 and 500 m a.s.l. (Starkel 1972) . A moderately humid climate with mean annual air temperature between 6 and 8°C and total annual precipitation from 700 to 900 mm (Hess 1965) as well as a lack of carbonates in the loess cover serve as the main reasons for the prevalence of Luvisols and Retisols (which until recently were called Albeluvisols) across the Carpathian Foothills (Skiba and Drewnik 2003; Szymański et al. 2011 Szymański et al. , 2012 . The vegetation of the study area can be characterized by a mosaic of broadleaf forests (TilioCarpinetum) showing a prevalence of hornbeam (Carpinus betulus L.), lime (Tilia cordata Mill.), oak (Quercus sessilis Ehrh. and Quercus robur L.), and beech (Fagus sylvatica L.) as well as arable land, with potatoes (Solanum tuberosum L.), wheat (Triticum aestivum L.), and rye (Secale cereale) being the most popular crops. In some places, mixed forests (PinoQuercetum) with oak (Q. robur L.) and pine (Pinus silvestris L.) are also present (Towpasz and Zemanek 1995) .
Methods
Twelve representative soil profiles were selected for analysis. All were formed entirely from loess except for the Grabie and Radziszów profiles, in which the lowermost horizons (2C) had developed from weathered flysch rocks residuum. Figure 1 presents the geographic location of the soil profiles, while Table 1 summarizes detailed information about the study sites and classification of the soil profiles according to the World Reference Base for Soil Resources (WRB) system (IUSS Working Group WRB 2014).
During field studies, soil profiles were described and sampled. Soil samples were collected from each soil horizon in plastic bags and transported to the laboratory. In the laboratory, the samples were air dried, gently crushed, and sieved through a 2-mm sieve. All laboratory analyses were conducted on the fraction below 2 mm. Texture of soil material was determined by means of a set of sieves for the purpose of sand separation as well as the hydrometer method for silt and clay fractions (Gee and Bauder 1986) . The content of organic carbon was determined using a rapid dichromate oxidation technique (Nelson and Sommers 1996) , while pH was measured potentiometrically in distilled water using a 1:2.5 soil/water ratio (w/v) (Thomas 1996) . Chemical composition of the fine-earth material (fraction <2 mm) was determined using inductively coupled plasma-emission spectrometry (ICP-ES) following digestion of the bulk samples with lithium metaborate/tetraborate and dilute nitric acid at Acme Labs (Vancouver, BC, Canada). Free forms of iron (Fe d ) extracted using dithionite-citratebicarbonate (DCB) were determined by means of atomic absorption spectrometry (AAS) (Schlichting and Blume 1966) . Amorphous forms of iron and aluminum (Fe o , Al o , respectively) were extracted with acid ammonium oxalate (Van Reeuwijk 2002) and determined using a spectrophotometer (Rayleigh UV-1601). The color of the soil material was described in the moist state using Munsell Color Soil Charts (where, e.g., 10YR means hue and 6/2 means value/ chroma of color).
X-ray diffraction analyses were done using a Philips X'Pert diffractometer equipped with a PW3020 vertical goniometer, 1°divergence slit, 0.2 mm receiving slit, incident-and diffracted-beam Soller slits, 1°anti-scatter slit, graphite diffracted-beam monochromator, and a Cu x-ray lamp operated at 40 kV and 30 mA.
Quantitative analyses were performed on bulk soil samples (<2 mm) mixed with ZnO as internal standard using random powder mounts (Moore and Reynolds 1997) . More details concerning the preparation of samples for quantitative analysis of the mineral composition can be found in Szymański et al. (2011) and Drewnik et al. (2014) . Random specimens were scanned from 2 to 65°2Θ at a counting speed of 0.02°/ 5 s. To calculate the mineral composition of the bulk samples, the Seifert Rietveld AutoQuan/BGMN software was used (Taut et al. 1998) . For calculation purposes, x-ray diffraction (XRD) data from 15°2Θ to 65°2Θ were used.
Clay fractions (<2 μm) were separated by centrifugation (using a centrifuge MPW-400) of 100 g bulk samples (<2 mm) dispersed in deionized water using an ultrasonic disintegrator. The centrifugation time was 3 min at the speed of 1000 rpm and the assumed density of particles was 2.65 Mg/m 3 (Jackson 1969) . To obtain clay minerals in a natural state, the samples were separated without any chemical pretreatment. Oriented mounts with a surface density of 10 mg/cm 2 were prepared from the separated clay fractions by means of a glass slide technique (Środoń, 2006) . XRD patterns for the oriented specimens were registered in air dry state, after heating for 1 h at 330 and at 550°C, and after solvation, the mounts with liquid glycerol. The identification of clay minerals was performed according to operational definitions given by Środoń (2006) . Analyses of XRD patterns were conducted by means of a ClayLab software (Mystkowski 1999) .
Fourier-transform infrared (FTIR) spectra for the clay fractions were collected for random powder specimens dispersed in KBr pellets using a Bio-Rad FTS 135 FTIR spectrometer. The pellets (1.6 mg sample/300 mg KBr) were prepared from the natural clay fraction (<2 μm) that was previously dried by heating at 105°C for 24 h and from KBr powder that was preheated at 550°C for 24 h. Following the collection of the FTIR spectra, the pellets were heated at 180°C for 12 h, and after cooling in a desiccator, analyzed again. Thirty-two scans were collected for each sample in the range from 400 to 4000 cm −1 with a resolution of 2 cm −1
. The FTIR spectra were processed using a Spekwin32 software.
Mössbauer spectroscopy measurements were performed at room temperature using a RENON MsAa-3 spectrometer equipped with an LND Kr-filled proportional detector and He-Ne laser-based interferometer used to calibrate a velocity scale. A commercial 57 Co(Rh) source was applied for the 14.41-keV resonant transition in 57 Fe. The absorber for Mössbauer measurements was prepared in powder form and the thickness of the absorber was 90 mg/cm 2 of the investigated material. Data were fitted following the transmission integral approach using the MOSGRAF software suite.
Differences in mineralogical composition were evaluated by t Student test (level of significance at p < 0.05). All statistical calculations were done using Statistica 12 software.
Results and discussion
Morphology, physical, and chemical properties
The morphologic description of the soil profiles is summarized in Table 2 . All the soil profiles show similar morphology, i.e., A-E-Btx-Btg-BC-C. The two main differences between the soils are the occurrence of organic horizons (O) in forest soils and strong (Pleśna 3, Pleśna 4, Łazy 1, Polanka Hallera, and Brzezie profiles); moderate (Łazy 3, Łazy 4, Grabie, and Radziszów profiles); or very weak or even nonexistent (Pleśna 1, Pleśna 2, and Łazy 2 profiles) bleaching of the eluvial part of the profile. The bleaching classification was done according to Munsell soil color charts in moist state: 10YR 6/2; 10YR 7/2-8/2, 2.5Y 6/2 (strongly bleached soil horizons); 10YR 4/3-5/3 (moderately bleached soil horizons); and 10YR 5/4 (very weakly or not bleached soil horizons). In addition, Pleśna 4, Łazy 4, and Radziszów profiles were further characterized by a bipartite eluvial horizon with an upper part showing lack of bleaching and a lower part (along the contact with the lower illuvial horizon) exhibiting moderate or strong bleaching. Topsoil horizons show black or brownish color, lack of Fe-Mn nodules and clay coatings on ped faces. Eluvial horizons (AE, E, Eg) exhibit more pale and/or bleached color and occurrence of hard Fe-Mn nodules. However, the Eg horizons contain more Fe-Mn nodules than the E horizons based on visual inspection of the soil profiles ( Table 2 ). The lower part of the soil profiles usually exhibits mottled color. Additionally, the lower soil horizons are characterized by presence of many hard and soft Fe-Mn nodules, and many clay coatings on ped faces and clay infillings in channels (Table 2) (Szymański et al. 2011 (Szymański et al. , 2012 . Such a morphology of the soils is very typical for Retisols (Albeluvisols) occurring in different areas around the world (e.g., Brinkman 1979; Lindbo et al. 1994 Lindbo et al. , 1995 Lindbo et al. , 2000 Montagne et al. 2008; Kalinina et al. 2013; Sauer et al. 2013; Nikorych et al. 2014) .
All the soils show a silt loam texture with a predominance of the silt fraction (Table 3 ). The topsoil and eluvial horizons contain markedly lower amounts of the clay fraction in comparison with lower horizons. Such a distribution of the clay fraction and the presence of many clay coatings and clay infillings clearly indicate a vertical translocation of the clay fraction in the soil profiles (Zasoński 1983 (Zasoński , 1992 Lindbo and Veneman 1993; Weisenborn and Schaetzl 2005; Szymański et al. 2011 Szymański et al. , 2012 . The lower part of the soil is characterized by higher bulk density and lower total porosity than those of the upper soil horizons (Table 3 ). The lower bulk density and higher total porosity of the upper soil horizons relative to lower soil horizons also indicate depletion of the finest particles and their accumulation in the lower part of the soils (Szymański et al. 2011 (Szymański et al. , 2012 Nikorych et al. 2014) .
The majority of the soils exhibit acidic or slightly acidic pH and only the Polanka Hallera profile is characterized by a slightly alkaline pH in some soil horizons, which is due to the liming.
Soil organic carbon (SOC) is concentrated mainly in topsoil horizons and its content in the horizons of forest soils ranges from 1.2 % to 6.1 % and is markedly higher than SOC content in topsoil horizons of arable soils (0.7 % to 1.2 %). Eluvial and illuvial soil horizons contain a very low amount of SOC (0.1 % to 0.7 %) ( Table 3) .
The content of DCB-extractable iron (Fe d ) and AAOextractable iron and aluminum (Fe o and Al o , respectively) is shown in Table 3 . Fe d content is lower (statistically significant at p < 0.05) in topsoil and eluvial horizons (3.73 to 9.02 g kg −1 with a mean of 5.22 g kg
) than in lower horizons (Btx, Btg, BC, C) (4.35 to 17.83 g kg −1 with a mean of 7.87 g kg
), indicating translocation of Fe d with clay minerals down the , respectively) than in lower soil horizons (with a mean of 2.13 and 0.85 g kg −1
, respectively) or is evenly distributed throughout the soil profiles (Table 3) . Mean Fe o content is only slightly higher (but not statistically significant at p < 0.05) in E horizons (2.57 g kg ). The soil material collected from the soil profiles (<2 mm) is composed mainly of SiO 2 , Al 2 O 3 , Fe 2 O 3 , and K 2 O. The content of other compounds (CaO, MgO, Na 2 O, TiO 2 , P 2 O 5 , and MnO) in almost all of the soils is below 1 % (Table 4) . Upper soil horizons (A, AE, E, and Eg) contain a higher amount of SiO 2 and a lower amount of Al 2 O 3 , Fe 2 O 3 , K 2 O, CaO, and MgO in comparison with the lower part (Btx, Btg, BC, C) of the soils. However, slightly higher amount of MgO and CaO in surface horizons of some soils (e.g., Pleśna 2, Łazy 3, and Łazy 4) relative to the eluvial horizons is most likely caused by Bbiocycling.^It should be noted that differences in the chemical composition of the E and Eg horizons are negligible (Table 4) .
Mineral composition of the eluvial horizons
X-ray diffraction
The mineral composition of the clay fractions (<2 μm) separated from the eluvial soil horizons showing strong, moderate, and very weak bleaching or lack of bleaching is very similar; thus, only the x-ray patterns for selected horizons are presented (Fig. 2) . The x-ray patterns show that the clay fraction is composed mainly of 2:1 clay minerals exhibiting a~1.4 nm peak in air dry state. The peak does not fully collapse to 1.0 nm neither after the heating of the samples at 330°C nor 550°C (Fig. 2) . However, it should be noted that the collapse of the~1.4 to 1.0 nm peak is much stronger after the heating of specimens at 550°C. Treatment with glycerol also does not affect the~1.4 nm peak (Fig. 2) . Kaolinite (~0.7 nm peak disappeared after heating at 550°C), mica (~1.0, 0.5 nm peaks not affected by the various tests), and quartz (~0.43 nm peak) are also present (Fig. 2) . XRD results obtained for the clay fractions clearly indicate that the intensity of bleaching (strong vs. moderate or weak or lack), being a result of different duration and frequency of periodic water stagnation and redox processes above a hard and slowly permeable fragipan in the soils, does not affect the quality of clay minerals found in the Retisols of the Carpathian Foothills. Quantitative mineral composition of the eluvial horizons (fraction <2 mm) is presented in Table 5 , and selected x-ray patterns presenting the bulk mineral composition are presented in Fig. 3 . All of the eluvial horizons (E and Eg) are characterized by a predominance of quartz. Quartz content ranges from 60 to 72 %. The mean quartz content in the E and Eg horizons is 69 and 67 %, respectively. K-feldspar content ranges from 9 to 11 % with a mean content of 10 % in the E and Eg horizons. Plagioclase content is slightly lower than Kfeldspar content and ranges from 6 to 9 %. Mean plagioclase content in the E and Eg horizons is almost the same, i.e., 8 and 7 %, respectively. Dioctahedral mica found in the eluvial horizons (E and Eg) range between 3 and 5 % with a mean content of 4 % in the E and Eg horizons. Chlorite and kaolinite content in eluvial horizons is very low: 0-2 % chlorite, 1-2 % kaolinite. Mean chlorite content is 1 % and mean kaolinite content is 2 % in the E and Eg horizons of interest. The content of interlayered 2:1 clay minerals is between 4 and 8 %. The E and Eg horizons contain almost equal mean concentrations of the interlayered 2:1 clay minerals, i.e., 7 and 6 %, respectively. The results of both the qualitative analysis of clay fraction and the quantitative analysis of the bulk mineral composition of the eluvial horizons indicate a lack of significant differences at 
FTIR spectroscopy
Analysis of FTIR spectra obtained for the clay fractions (<2 μm) separated from eluvial horizons supports the earlier interpretation of XRD data. Due to the fact that all of the obtained FTIR spectra are almost identical, only spectra for selected eluvial horizons are presented (Fig. 4) . Assignments for the major FTIR bands are presented in Table 6 . Two strong absorption bands at~3699 and 3620 cm −1 are present in the OH stretching region and indicate presence of kaolinite and dioctahedral 2:1 clay minerals (Table 6 ). All weak absorption bands in the OH stretching region are related to vibrations of Al-OH-Al in the structure of kaolinite and/or dioctahedral mica (Table 6 , Fig. 5 ) (Besson and Drits 1997; Madejová 2003; Zviagina et al. 2004) . Strong absorption bands present at~1165, 1085, 799, and 780 cm −1 in the Si-O and OH bending regions are related to quartz and silicates (Table 6 , Fig. 4 ). In addition, two broad bands at~1620 and~1405 cm −1 are present and originate from organic matter (Table 6 ) (Celi et al. 1997; Cocozza et al. 2003; Tivet et al. 2013 ) and water, because the bands become weaker after heating at 180°C and disappear almost completely after treatment with hydrogen peroxide (see Szymański et al. 2014) . The presence of~2926 and 2855 cm −1 bands is associated with methyl and methylene groups, respectively (Ellerbrock and Gerke 2004) , while the wide band at~3430 cm −1 indicates H-O-H vibrations of structurally adsorbed water molecules (Table 6 ) (Bain and Fraser 1994; Besson and Drits 1997; Madejová 2003) . The FTIR data also indicate the lack of discernible water stagnation effects and redox effects on the different transformation pathways of clay minerals in strongly, moderately, and weakly bleached eluvial horizons as well as in eluvial horizons without bleaching. 
Mössbauer spectroscopy
Mössbauer spectroscopy results obtained for the clay fractions are shown in Table 7 , and selected Mössbauer spectra are shown in Fig. 6 . The data indicate that the relative content of Fe 3+ and Fe 2+ is not related to the intensity of bleaching of eluvial horizons within the same soil profile and between different profiles. In case of Łazy 4 and Radziszów profiles, relative Fe 2+ content is higher in the Eg horizons than in the E horizons while in Pleśna 4 profile, the relative content of Fe 2+ is lower in the Eg horizon than in the E horizon. The same is true for E and Eg horizons originating from different soil profiles-the relative content of Fe 2+ is higher in the Eg horizons from the Pleśna 3 profile than in the E horizon from the Pleśna 1 profile, but at the same time, it is lower than the relative content of Fe 2+ in the E horizon from the Pleśna 4 profile (Table 7) . The mean relative content of Fe 2+ in the clay fraction in the Eg horizons is only slightly higher (7.7 %) than the mean for the clay fraction obtained from E horizons (7.6 %). These results also indicate a lack of relationship between water stagnation and redox processes and relative content of iron in different oxidation states in the clay fraction of the eluvial horizons (E and Eg).
Verification of ferrolysis occurrence in Retisols
The Retisols with Eg horizons showing strong bleaching (Pleśna 3, Pleśna 4, Łazy 1, Polanka Hallera, and Brzezie profiles) are very similar to the ferrolyzed soils studied by Brinkman (1979) . They are characterized by a strongly bleached, coarser-grained horizon underlain by mottled, finer-grained horizons with bleached vertical tongues (Szymański et al. 2011 ). In addition, the bleached horizons contain a large number of Fe-Mn nodules indicating redox processes, and all of the soils are characterized by acidic or slightly acidic pH, with the exception of the Polanka Hallera profile. The strongly bleached Eg horizons of the Retisols exhibit the occurrence of clay minerals with interlayering characterized by a lack of complete collapse after heating as well as a lack of discernible swelling after glycerol solvation (Fig. 2) . All the above-mentioned characteristics may indicate that ferrolysis occurs in these soils. However, the same clay minerals featuring interlayering were also identified in other Eg horizons with moderate or very weak bleaching as well as in E horizons, which do not exhibit bleaching at all and contain either few or no Fe-Mn nodules indicating very weak or a lack of redox processes. Thus, the obtained research results indicate the lack of a clear influence of redox processes (due to periodic stagnation of water above the slowly permeable fragipan) on clay mineral transformation in the Retisols. In addition, a prior study indicates that clay minerals in the E and Eg horizons of the soils contain mainly organic fillings in their interlayers and not metalhydroxy polymers, as indicated by Brinkman (1979) . The neoformation of fine quartz in bleached horizons, proposed by Brinkman (1977 Brinkman ( , 1979 and Brinkman et al. (1973) as a secondary product of weathering due to ferrolysis was not observed in the Retisols, because the presence of quartz in the clay fraction was observed in both E and Eg horizons (Fig. 2) , and also in other horizons of the soils (Szymański et al. 2011 . In addition, if the ferrolysis leads to the neoformation of fine quartz, and if the process does occur in the Eg horizons, then, the Eg horizons should contain a clearly higher amount of quartz than the E horizons. However, precisely the opposite outcome (i.e., slightly higher mean content of quartz in E versus Eg horizons but not statistically significant at p < 0.05) was identified in the Retisols (Table 5 ). In addition, the mean chlorite content is the same (Table 5 ) in the E and Eg horizons, but according to Brinkman (1979) , the chlorite content should be higher in ferrolyzed horizons in comparison with other horizons. The results of our study are in agreement with Van Ranst and De Coninck (2002) and Van Ranst et al. (2011) who assert that ferrolysis is not the main soil-forming process in bleached soils as in Retisols (Albeluvisols) and Planosols, and it is not responsible for texture contrasts in these soils.
Conclusions
The obtained results indicate that the qualitative and quantitative mineral compositions of the clay fraction in the E and Eg horizons obtained from Retisols in the Carpathian Foothills in Poland exhibiting marked differences in bleaching (strong, moderate, weak, and lack of bleaching) caused by periodic stagnation of water above a slowly permeable fragipan and cyclic redox processes are the same. The E and Eg horizons are characterized by the presence of 2:1 clay minerals with likely organic interlayer fillings, dioctahedral mica, kaolinite, and chlorite. These findings indicate that (1) redox processes occurring in the soils do not affect clay mineral transformation and (2) ferrolysis is not the main soil-forming process operating in these soils. This is most likely because iron-bearing minerals are not abundant in Retisols of the Carpathian Foothills and/or undergo eluviation to the lower part of the soil profiles. The lower content of the clay fraction in the E and Eg horizons versus that in the lower soil horizons of the Retisols is related to clay illuviation (lessivage), and not to clay decomposition due to ferrolysis.
